We report the novel synthesis of azetidin-2-one derivatives containing aryl sulfonate moiety from the reaction of 2-hydroxy benzaldehyde with p-toluene sulfonyl chloride afforded firstly 2-formylphenyl 4-methylbenzene sulfonate (2). The compound (2) on reaction with p-aminobenzoic acid or 2-aminopyridine gave the corresponding aldimines (3). Furthermore, the aldimines are on reaction with chloroacetyl chloride gives corresponding azetidin-2-ones in good to moderate yield. Among the eight synthesized azetidin-2-ones, five selected compounds have been screened for the anti-inflammatory activity, few of them showed good anti-inflammatory activity compared with standard drugs. Antimicrobial activity of all synthesized compounds has been tested and most of the compounds showed good anti-bacterial and anti-fungal activities.
Introduction
The synthesis of new compounds and their biological screening is recently of enormous focus within the synthetic and medicinal chemistry communities. Azetidin-2-ones are well known antibiotics containing β-lactam monocyclic ring and reported to exhibit interesting biological activities. They are mostly prescribed medicines to treat bacterial infections. They were found to possess powerful anti-microbial [1] [2] , anti-proliferative [3] , IFN-gamma [4], cytotoxic [5] , anticonvulsant, anti-tubercular [6] , cholesterol absorption inhibitor [7] , antiinflammatory and anti-degenerative activities [8] . Moreover, the β-Lactams derived from a carbapenem chiron are well known selective inhibitors of human fatty acid amide hydrolase [9] . On the other hand, the compounds containing aryl sulfonate moiety have been received considerable attention during last two decades as they are endowed with variety of biological activities like papillomavirus microbicidal [10] , anti-human immunodeficiency virus-1 [11] , antineoplastic [12] , and anticancer activity [13] [14] . Therefore it was envisaged that the compounds containing both the chemical moieties would result in new compounds of interesting biological activities. Five selected compounds of this library were screened for the anti-inflammatory activity. All compounds synthesized in this series have been screened for anti-bacterial and anti-fungal activities.
Results and Discussions
Synthesis involves the initial formation of 2-formylphenyl 4-methylbenzene sulfonate (2a) by the efficient condensation of salicylaldehyde with p-toluene sulfonyl chloride in the presence of anhydrous potassium carbonate (K 2 CO 3 ) under solvent free conditions by simple mortar pestle technique. The formation of product was judged by the ferric chloride functional group test for phenolic OH which was found negative. The structure was further confirmed by IR and 1 H NMR spectroscopic methods. The IR spectrum of product showed absorption bands at 1345, 1712 cm -1 attributed to the presence of SO 3 and CHO groups. The 1 H NMR spectrum of this compound showed the presence of a singlet at δ 2.49 and 10.03 ppm attributing to the presence of CH 3 and CHO groups, the appearance of multiple peaks in the region of δ 7.22 -7.93 corresponding to the presence of aromatic ring systems in the molecule. A rapid formation of product, the generation of high purity compound, simple isolation procedure, excellent yield and eco-friendship are the key factors of this method. Secondly, the synthesis of aldimine was achieved by the reaction of 2-formylphenyl 4-methylbenzene sulfonate either with p-amino benzoic acid or 2-amino pyridine by conventional and microwave techniques using mild and low cost reagents. The yields obtained by the conventional method in the presence of absolute ethanol were 50% -60% and time required for the completion of reaction was 4 -5 hours. To solve this problem we moved our strategy towards the synthesis of aldimines under solvent free conditions using microwaves. The product formation was observed in short reaction time with excellent yields (80% -87% 3 and CH=N (azomethine) groups in the compound.
13
C NMR spectroscopic characterization showed absorption at δ 21.672 and 157.124 for CH 3 and CH=N carbons clearly confirms the formation of aldimine product. The formation of product was further confirmed by physical constant and functional group tests. A target molecule 4a (Scheme 1) was synthesized by the cyclocondensation reaction of aldimine 3a with chloroacetyl chloride under reflux 2 in the presence of Et 3 N/1, 4-dioxane or solvent free conditions. The reflux method gave low yields (55% -65%) of the products and took 4 -5 hours for the completion. To overcome these drawbacks, we attempted to carry out above transformation under microwave irradiation. The equimolar mixture of reactants such as aldimine and chloroacetyl chloride in the presence of catalytic amount of basic and anhydrous Al 2 O 3 /K 2 CO 3 was mixed well in mortar by pestle for 5 minutes.
The mixture was further subjected to microwave oven for 4 -5 minutes under solvent free conditions. The progress of reaction was examined by TLC. The yield of isolated product was excellent. The spectral and analytical data was consistent with proposed structure of target molecule. The synthesized azetidin-2-one 4a was screened for antimicrobial and anti-inflammatory activities and its data was found to be significant. The above result motivated us to synthesize some more novel heterocyclic compounds with hope that the synthesized compounds will add more activeness as anti-microbial and anti-inflammatory agents. We tried to study the influence of substituent's on the activities of molecules by substituting the groups at ortho and para positions on the aromatic ring system. The substitution of iodine, bromine and chlorine groups on aromatic ring system showed marginal effect on the activities of molecules. The iodine and bromine substituted azetidin-2-ones were found to be more potent anti-inflammatory agents ( Table 1) . Similarly, the iodine, bromine and chlorine substituted azetidin-2-ones were tested for their antimicrobial activities and their influence on activity is reported in Table 2. 3. Anti-Inflammatory and Anti-Microbial Activity
Material, Methods and Reagents
Wistar albino rats with weight 25 gm -50 gm were used for the study under the guidelines of Institutional Animal Ethics Committee (IAEC) at National Toxicology Centre, Pune. The standard drug indomethacin was purchased from Aldrich C o . Culture medium the nutrient agar, sabouraud's dextrose agar cultures, ampicilin and norcadine were of Spectrochem and Aldrich C o . The stock solutions of test compounds were prepared in dimethyl sulfoxide solvent.
Effect Synthesized Drugs (4a-h) on the Edema Volume of Injected Paws
The effect of synthesized compounds 4a-h and standard drug indomethacin was evaluated on the in vitro inhibition of cyclooxygenase-2 enzymes after 6 h. All the screened compounds were found to inhibit inflammation caused by cyclooxygenase-2 enzymes. The normal control, indomethacin and test compounds were administered to the rats 30 minutes before the injection of 0.1 ml of 1% carrageenan suspension in normal saline. The test drugs 50 mg/kg and the standard drug 10 mg/kg were dosed to the animals. The animals were divided into eight groups containing six animals in each group. Male and female adult Wistar albino rats marked H, B, T having weight 25 gm -50 gm were used for the study. The animals were kept overnight on fasting. The antiinflammatory activity was studied by Winter et al. method [15] . The experimental procedures were carried out under the guidelines of Institutional Animal Ethics Committee (IAEC) at National Toxicology Centre, Pune. The no. 26 gauge needle was used to inject the carrageenan suspension into the sub planar region of the right hind paw. Immediately thereafter the edema volume of the injected paws were measured plethysmographically by water displacement method. For the comparison purpose volume of edema at various prefixed time intervals 1 h, 2 h, 4 h and 6 h was measured. The difference between paw volumes of the treated animals was measured and the mean edema volume was calculated. Percentage Table 2 . The SD and SEM were calculated by using ANOVA, Dunnets "t" test. Compounds 4b, 4c and 4e were found excellent COX-2 inhibitors. On the other hand, the other synthesized compounds 4a and 4d have been showed moderate inhibitory effects on COX-2 enzymes. It is observed that the compounds containing iodine and bromine groups on the aromatic ring system showed stronger anti-inflammatory effects than the chlorine substituent. It is also clear that the iodine and bromine substituted azetidin-2-ones showed highest COX-2 enzyme inhibitory effects than the other compounds.
Effect of Drugs on the Growth of Microorganisms
The antibacterial activity of the test samples 4a-h was determined by agar cup plate [16] method using ampicillin (100 μg/ml) as standard drug and four pathogens such as Bacillus subtilis, Staphylococcus aureus, and Escherichia coli and Pseudomonas aeruginosa. This method was based on diffusion of antibacterial component from reservoir bore to the surrounding inoculated nutrient agar medium so that the growth of microorganisms was inhibited as circular zone around the bore. The concentration of test compounds was 100 μg/ml and was prepared in dimethyl sulfoxide as solvent. The test samples and standard drug were placed in a bore made in Petri dishes which contains different pathogens and were incubated at 37˚C for 24 hours. The zone of inhibitions around the bore was measured after 24 hours. The antibacterial activity was classified as standards (>22 mm), highly active (15 mm -22 mm), moderately active (10 mm -15 mm), least active (7 mm -10 mm) and less than 7 mm was taken as inactive. The antibacterial and antifungal activity data are recorded in Table 2 . The antifungal activity of synthesized compounds was determined by using Aspergillus niger, Aspergillus flavus and Fusarium oxysporium pathogens. Dimethyl sulphoxide was used as control and dextrose agar as culture medium for antifungal activity. Norcadine (100 μg/ml) was used as standard drug for the comparison and determination of their antifungal activities. Among the synthesized compounds, 4b, 4c, 4d and 4h were showed highest antimicrobial activity against various pathogens. The other tested compounds were exhibited minimum inhibitory effects on the bacterial and fungal strains. It is clear that iodine, bromine and chlorine groups were found to be crucial for the inhibition of microbial strains.
Experimental

Materials
2-Hydroxy benzaldehyde, 4-chloro 2-hydroxy benzaldehyde, p-toluene sulfonyl chloride, chloro acetyl chloride, and triethyl amine were obtained from Spectrochem and Aldrich companies. All the chemicals used were of analytical grade. Melting points were performed in open capillary tubes and were uncorrected. IR spectra were recorded in KBR pellets on a 250 MHz spectrometer and 1 H NMR spectra in DMSO-d6 on Perkin Elmer 200 MHz spectrometer using TMS as an internal standard and chemical shifts in ppm. 13 C NMR spectra were recorded on Avance 50 MHz spectrometer in CDCl 3 . Anti-inflammatory activity of all compounds was tested at National Toxicology Centre, Pune. The target compounds were synthesized as shown in Scheme 1.
General Procedure
Synthesis of 2-formylphenyl-4-methylbenzene sulfonate:
A mixture of 2-hydroxy benzaldehyde (1.22 g, 0.01-mol), p-toluene sulfonyl chloride (1.91 g, 0.01 mol) and anhydrous K 2 CO 3 (2.07 g, 0.015 mol) was grinded well in mortar for 6 -7 minutes. The reaction mixture was then left aside for one hour at room temperature. It was then poured into ice cold water and stirred for 10 minutes. The solid obtained was filtered, washed with water, dried and crystallized from ethanol to get pure product in 94% yield. The purity of compounds was monitored by thin layer chromatography. The obtained compound was purified by column chromatography using ethyl acetate/ chloroform (2:8) as solvents.
Synthesis of aldimines by microwave method: A mixture of 2-formylphenyl 4-methylbenzene sulfo-nate (2.76 g, 0.01 mol) and p-amino benzoic acid (1.37 g, 0.01 mol) in dry ethanol (4 mL) was stirred well for five minutes in 50 ml beaker and dried in air. A beaker covered with watch glass was subjected to micro wave oven for 2 -3 minutes at low power (40%, 100˚C). The product formation was monitored by TLC. A mixture was cooled to room temperature and crystallized with ethyl alcohol to produce a pure aldimine in 90% yield. The obtained compounds were purified by column chromatography using acetone/chloroform (2:8) as solvent. The iodine, bromine and chlorine substituted aldimines were similarly synthesized by the similar procedure.
Synthesis of 2-azetidinones (4a-h) by conventional method:
A mixture of aldimine 3a (3.95 g, 0.01 mol) and triethylamine (10 mL) in dry 1, 4-dioxane (10 mL) was stirred well at 0˚C -5˚C temperature. To this mixture chloroacetyl chloride (1.13 g, 0.01 mol) was added drop wise for half an hour. The mixture was then stirred for additional 5 hours at 60˚C temperature and left 24 hours at room temperature. The mixture was concentrated, cooled, poured into ice cold water, filtered, washed with cold water and then dried. The product was crystallized with acetone: n-hexane mixture. The obtained compounds were purified by column chromatography using acetone/n-hexane mixture.
Synthesis of azetidin-2-ones (4a-h) by microwave method: A mixture of aldimine 3a (3.95 g, 0.01 mol), chloroacetyl chloride (1.13 g, 0.01 mol) and 1:1 amount of anhydrous K 2 CO 3 (0.69 g, 0.005 mol) and basic alumina (0.51 g, 0.005 mol) was mixed well into mortar. The whole quantity was transferred to 100 ml beaker and subjected to domestic microwave oven for 3 -4 minutes at medium-high power. The mixture was cooled to room temperature, to this 10 ml ice cooled water was added and it was then stirred for 5 minutes. The solid obtained was filtered, washed by water, dried and crystallized with ethyl alcohol. The obtained compounds were purified by column chromatography using acetone/chloroform as solvent. 
2-(3-
Conclusion
In conclusion, a simple, efficient and cost-effective procedure was developed for the synthesis of azetidin-2-one derivatives by using inexpensive and commercially available K 2 CO 3 /Al 2 O 3 as catalyst under microwave conditions. The compounds 4a-e was investigated for their anti-inflammatory activity. The all synthesized compounds showed significant anti-inflammatory activity when compared with standard drug. The compounds were also evaluated for their anti microbial activity against various gram positive & gram negative bacterial and fungal strains. Compounds 4b-d, and 4h were found to be more potent antibacterial and antifungal agents when compared with standard (Ampicillin and Norcadine).
